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(54) WELDING METHOD FOR Si BASED MATERIAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To make welding possible 
for Si based materials, the welding of which was 
presumed impossible due to the extreme brittleness and 
a high electhcal resistance, and to improve the degree of 
freedom in the machining of Si based materials, by 
utilizing the heat of arc plasma in arc welding. 
SOLUTION: With a tungsten rod 3 used as a cathode in 
an argon gas 5 atmosphere, and with a water-cooled 
copper plate 4 as an anode, an arc is generated 
between the pair of electrodes 3, 4. Then, the arc length 
is gradually extended, while a pair of Si based materials 
with the end faces abutted on each other are brought 
close to an arc column 2. After that, the Si based 
materials are rotated around an axial center, with fusion 
welding carried out for the weld zone. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A welding process of Si system material welding by bringing Si system material close 
to the above-mentioned arc column, and fusing with heat of an arc plasma after making inter- 
electrode [ of a couple ] generate an arc. 

[Claim 2]A welding process of Si system material of claim 1 using an electrode by the side of 
the above-mentioned anode as a water cooling copper plate. 

[Claim 3]A welding process of Si system material of claim 1 forming a means to improve the 
directivity of the above-mentioned arc, or claim 2. 

[Claim 4]A welding process of Si system material of claim 1 extending arc length after carrying 
out an arc start, and bringing Si system material close to an arc column after that. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the welding process of Si system material which 
carries out melting welding of the Si system material containing the silicon (Si is called 
hereafter) of a single crystal or polycrystal by arc welding. 
[0002] 

[Description of the Prior Art]ln recent years, its attention is paid to Si which shows the 
remarkable elongation of demand as a semiconductor material by physical and the electrical 
property as a semiconductor. Especially, as for Si as a bulk material, the demand is 
dramatically extended focusing on the use of a wafer. In recent years, major-diameter-ization 
will follow a wafer and the weight also of Si ingot which becomes the origin of a wafer will be 
not less than 200 kg. 

In the manufacturing process, it has been big SUBJECT how grasping and conveyance are 
performed. 

That is, although Si etc. are used [ in / the jig for handling, etc. / for metaled contamination / on 
a ****** main occupation community and ] abundantly, in connection with increase of the 
weight of an ingot, and major-diameter-izing, manufacture of such a jig is difficult. 
[0003]Then, although making conveyance etc. possible by adding processing etc. to the Si 
ingot itself is also considered, it is processing of a difficulty processing material, and since 
post-washing etc. are needed, to this policy, new SUBJECT, such as complication of a cost 
hike and a manufacturing process, arises. 

[0004]On the other hand, although there are a SOI wafer by a lamination wafer which is 
indicated by Japanese Patent Application No. No. 107853 [ three to ] etc., etc. as junction art 
of a wafer. Such junction art aims at an improvement of an electrical property, and a thing like 
this invention which aims at the structural characteristic differs in the purpose. 
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[0005]Since Si system material is very weak, if big heat is applied, it will be destroyed 
shockingly. For this reason, although it was thought that it was difficult to perform melting 
welding, Si system material could be welded in recent years by using a high-energy-density 
heat source, i.e., an electron beam, and a laser beam (Japanese Patent Application No. No. 
365188 [ nine to ]). However, in addition to equipment being dramatically expensive, this 
method has restriction that an object to be welded must be processed within a vacuum 
chamber. 
[0006] 

[Problem(s) to be Solved by the lnvention]Then, a vacuum chamber was not needed but it took 
notice of arc welding in which equipment is comparatively cheap. However, since Si which is a 
semiconductor material has the electrical resistance more than lOOOohm and cm in a room 
temperature, it shows the action near an insulating material in welding which makes arc 
discharge a heat source. For this reason, discharge was considered that melting welding by an 
indispensable arc is impossible. It is because it is impossible for the electrode of arc discharge 
being unable to become, carrying out discharge to Si system material directly, and realizing 
melting a high resistance material [ like usual Si ] this [ whose ] is. 

[0007]So, in this invention, in arc welding, after making inter-electrode [ other than Si system 
material ] generate an arc, Si system material was brought close to the above-mentioned arc 
column, and it noted welding by fusing with the heat of an arc plasma. Namely, by applying arc 
welding to Si system material considered that welding is impossible since this invention is 
dramatically weak and its electrical resistance is high. The processing flexibility of Si system 
material can be substantially raised by enabling conventionally processing by welding of the 
member made from Si system material currently manufactured only by machining, and 
enabling manufacture of the impossible shape member of manufacture by machining further. 
[0008] 

[The means for solving a technical problem and an effect] Then, after the welding process of Si 
system material of claim 1 makes inter-electrode [ of a couple ] generate an arc, it brings Si 
system material close to the above-mentioned arc column, and is characterized by welding by 
fusing with the heat of an arc plasma. 

[0009]According to the welding process of Si system material of above-mentioned claim 1, arc 
discharge is performed by inter-electrode [ other than Si system material which is an object to 
be welded ], Si system material which was not able to be welded was also enabled to be 
unable to become an electrode until now and to carry out melting welding by bringing the 
above-mentioned Si system material close to the arc column of the generated arc, and using 
and fusing [ heat and ] the heat of an arc plasma. Since distance with the center of discharge, 
such as bringing the above-mentioned Si system material close to an arc column, or detaching 
it for a while, is controllable, melting can be started easing the thermal shock to Si system 
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material, and melting welding can be performed gradually. 

[001 0]A welding process of Si system material of claim 2 is characterized by using an 
electrode by the side of the above-mentioned anode as a water cooling copper plate. 
[001 1]According to the welding process of Si system material of above-mentioned claim 2, it 
can prevent the anode fusing with arc heat by having used a copper plate with high thermal 
conductivity for an electrode by the side of the anode, and having provided a cooling channel 
which can supply cooling water to the inside further. As a result, generating of metallic fumes 
from the above-mentioned water cooling copper plate is suppressed, and little melting welding 
of contamination is attained. 

[001 2]A welding process of Si system material of claim 3 is characterized by forming a means 
to improve the directivity of the above-mentioned arc. 

[0013]According to the welding process of Si system material of above-mentioned claim 3, 
stabilization of an input calorie supplied to Si system material by forming a means which raises 
the directivity of an arc, and the amount of melting is attained, and reproducibility of the 
amount of melting can be improved. 

[0014]After carrying out the arc start of the welding process of Si system material of claim 4, it 
extends arc length, and it is characterized by bringing Si system material close to an arc 
column after that. 

[0015]lt was physically impossible to have welded bigger Si system material than the above- 
mentioned inter electrode distance so greatly [ inter electrode distance which can discharge an 
arc ]. However, by extending arc length gradually using self-sustaining discharge of an arc, 
after carrying out an arc start first by inter-electrode [ short ] according to the welding process 
of Si system material of above-mentioned claim 4, Bigger Si system material than inter 
electrode distance at the time of an arc start can be welded. If inter electrode distance to begin 
is set up short and an arc start is carried out by low current, damage to two electrodes can be 
prevented. Since it brings close to an arc column and fuses after keeping away the above- 
mentioned Si system material and extending arc length by this method at the time of an arc 
start with remarkable generating of metallic fumes, little melting welding of contamination is 
possible. 
[0016] 

[Embodiment of the lnvention]According to this embodiment, butt welding of Si member of a 
couple was performed using un-exhausting type arc welding, i.e., TIG arc welding. Drawing 1 
is a mimetic diagram showing the welding sequence. First, passing the argon gas 5 from the 
nozzle 6 of the torch 7, the tungsten rod 3 is used as the negative pole in the above-mentioned 
argon gas 5 atmosphere, and an arc is generated between the electrodes 3 and 4 of the 
above-mentioned couple by using the water cooling copper plate 4 of a cylindrical shape as 
the anode. At this time, the distance between the two electrodes 3 and 4 is 3 mm, and an initial 
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current value is 75A. The cooling channel 1 1 is established in the inside of the copper plate 10 
with thermal conductivity high to the water cooling copper plate 4 used above. That is. as 
shown in drawing 2 , the pipe which leads to the other end through an inside from one end of 
the above-mentioned water cooling copper plate 4 is formed, and cooling water is supplied 
from the one end 12, i.e., an entrance side, and it is constituted so that cooling water can be 
discharged from the other end 13. i.e., an outlet side. This is always continuing pouring cooling 
water in the water cooling copper plate 4 during arc discharge, and is for arc heat to prevent 
the above-mentioned water cooling copper plate 4 from fusing. As a result, generating of the 
metallic fumes from the above-mentioned water cooling copper plate 4 is suppressed, and little 
melting welding of contamination is attained. 

[0017]Next, the above-mentioned current value extends inter electrode distance, i.e., arc 
length, gradually from 3 mm to 15 mm, maintaining at 75A (refer to drawing 1 (b)). the 
longitudinal direction of the Si members 1 and 1 which compared the end faces of the 
polycrystal Si members 1 and 1 of about 6 mm in diameter a couple, and the account of the 
upper compared on the other hand in the place distant from the above-mentioned arc column 2 
- an arc - abbreviated - it turns in the direction which crosses vertically. And in this state, turn 
the above-mentioned Si members 1 and 1 to the arc column 2, and it brings close from the 
transverse direction (refer to drawing 1 (c)), After bringing the weld zone of the Si members 1 
and 1 close to the above-mentioned arc column enough, the Si members 1 and 1 are made to 
stop the state, and the part of a weld zone is heated and fused by an arc plasma for about 10 
seconds (refer to drawing 1 (d)). Then, shortly, as shown in drawing 1 (e), melting welding is 
performed with the heat of the above-mentioned arc plasma by rotating only the Si members 1 
and 1 to the circumference of an axial center with speed with a revolving speed of 9.6 rpm 
(revolution per minute). 

[0018]By detaching the above-mentioned Si members 1 and 1 about 3 mm from a previous 
melting position, and furthermore, continuing rotation of the Si members 1 and 1 for about 15 
seconds after this, there, it prevents cooling a weld zone rapidly and a molten pool is gradually 
made small. If it does in this way, crater treatment can be performed smoothly. 
[0019]As mentioned above, by performing arc discharge between the tungsten rod 3 and the 
water cooling copper plate 4, bringing the Si members 1 and 1 close to the arc column 2 of the 
generated arc, and using and fusing [ heat and ] the heat of an arc plasma, It made it possible 
to be unable to become an electrode until now and to carry out melting welding also by the Si 
members 1 and 1 which were not able to be welded. Since distance with the center of 
discharge, such as bringing the above-mentioned Si members 1 and 1 close to the arc column 
2, or detaching a few, is controllable, melting can be started easing the thermal shock to the Si 
members 1 and 1 , and melting welding can be performed gradually. Although it was physically 
impossible to have welded the thing small the inter electrode distance which can discharge an 
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arc as about 5 mm and bigger till before than the Si members 1 and 1 about 2 mm in diameter, 
After carrying out an arc start by inter-electrode [ of 5 mm or less / short ]. it became possible 
by extending arc length gradually using the self-sustaining discharge of an arc to weld the Si 
members 1 and 1 not less than 2 mm in diameter. 

[0020]Although the current value was always maintained to 75A in the above-mentioned 
embodiment, In order to prevent damage to the two electrodes 3 and 4 and to perform little 
welding of contamination, after setting an initial current value below to 50A and carrying out an 
arc start, it is preferred to raise the current value, after extending arc length, and to perform 
melting welding of the Si members 1 and 1 with the heat of an arc plasma. 
[0021 ]By the way, as the above-mentioned embodiment showed, when it welds, as shown in 
drawing 3 (a), before the Si members 1 and 1 are brought close, have generated the above- 
mentioned arc radiately in the direction that the arc length serves as the shortest from the 
tungsten rod 3 to the water cooling copper plate 4, but. If the Si members 1 and 1 are brought 
close to the above-mentioned arc column 2 as shown in drawing 3 (b), if the above-mentioned 
arc will not be cooled by the Si members 1 and 1 , it will be repelled, and will deviate to 
separate from Si member. The input calorie supplied to the Si members 1 and 1 becomes 
unstable, and this becomes unstable [ the amount of melting ], and becomes a cause which 
worsens reproducibility of the amount of melting further. 

[0022]ln order to solve this problem, it is necessary to form the means for raising the directivity 
of an arc but, and according to the experiment, it is clear that the passage area's of the arc 
current in a welding arc it is a range 6-7 mm in diameter. Then, the lobe 8 whose diameter D is 
7 mm and whose height L is 15 mm was formed in the surface center section of the above- 
mentioned water cooling copper plate 4, and the area which can be discharged was restricted 
to it (refer to drawing 5 ). It became possible for a deviation to become small since an arc is 
generated in the above-mentioned lobe 8, and for separating greatly to disappear from the 
lobe 8, and to locate the Si members 1 and 1 in an effective current path by this, even if it 
brings the Si members 1 and 1 close to the arc column 2. 

[0023]When only a part for an arc to repel and deviate when the Si members 1 and 1 are 
brought close to the arc column 2, as shown in drawing 6 offsets the center position of the 
water cooling copper plate 4 from the center position of the tungsten rod 3 beforehand, The 
directivity of an arc can be further raised rather than the above. As a result, stabilization of the 
input calorie supplied to the Si members 1 and 1 and the amount of melting is attained, and 
reproducibility of the amount of melting can be improved, 

[0024]Although the embodiment of the welding process of Si system material of this invention 
was described above, it is not restricted to the above-mentioned embodiment, it changes 
variously, and this invention can be carried out. Namely, although the lobe 8 was formed in the 
water cooling copper plate 4 as a means for raising the directivity of an arc in the above- 
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mentioned embodiment, It is also possible by making a magnetic field act near [ arc column 2 ] 
the above to raise the directivity of an arc or to improve the directivity of an arc every fixed 
time, i.e., by sending a high current in pulse. By changing a controlled atmosphere into 
gaseous helium which is easy to diffuse from the argon gas 5 more lightly than the above- 
mentioned argon gas 5, the circumference of the arc column 2 Is cooled and the breadth of an 
arc is controlled. As a result, the directivity of an arc can also be raised. Although the above- 
mentioned embodiment furthermore showed the example which welded using TIG arc welding 
as non-consumable electrode type arc welding, other arc welding processes, such as plasma 
arc welding, may be used. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 11lt is a mimetic diagram for explaining the welding sequence of this embodiment. 
[Drawing 2]They are a tungsten rod of the above-mentioned embodiment, and its 
circumference and sectional view of a water cooling copper plate. 
[Drawing 3] ln the schematic diagram showing the state of the arc of the above-mentioned 
embodiment, (a) shows a state when (b) brings Si member for a state when arc discharge was 
started close to an arc column. 

[Drawing 4] lt is a schematic diagram showing the state of an arc when a lobe is provided in the 
water cooling copper plate by the side of the anode. 

[Drawing 5]lt is an explanatory view of the water cooling copper plate which provided the 
above-mentioned lobe. 

[Drawing 6 ]lt is a schematic diagram showing the state of an arc where the above-mentioned 
water cooling copper plate is beforehand offset from the center position of the negative pole, 
when arc welding is performed. 
[Description of Notations] 

1 Si member 

2 Arc column 

3 Tungsten rod 

4 Water cooling copper plate 

5 Argon gas 

6 Nozzle 
8 Lobe 



[Translation done.] 
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* NOTICES * 
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1 This document has been translated by computer. So the translation may not reflect the 
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2.**** shows the word which can not be translated. 
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DRAWINGS 



[Drawing 5] 
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[Drawing 1] 
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[Drawing 4] 
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[Drawing 2 1 
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[Drawing 6] 
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[Drawing 3] 
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